disease), hereditary or metabolic disorders, or to the sequelke of infection, obstruction, renovascular accident, intravascular coagulation or immunological damage (glomerulonephritis). The classification of the small inadequate kidney presents as much difficulty in early life as it does in adults. The truly hypoplastic kidneythat is histologically perfect but with a reduced number of nephronsis rare; usually there is considerable disorganization of renal tissue and it is difficult to know the relative contribution of dysplasia and pyelonephritis. Urinary obstruction is frequently interwoven into this picture: congenital lesions obstructing the flow of urine are frequently accompanied by dysplasia (Bernstein 1968) , and surgical relief of urinary obstruction in childhood is only rarely followed by a satisfactory increase of glomerular filtration (Barratt & Chantler 1970) .
The function of such dysplastic kidneys may be surprisingly well preserved despite considerable anatomical disorganization (Berg et al. 1970) ; it is important to recognize that the duration of survival of these children is unpredictable, and that even severe renal insufficiency in early life is compatible with many years of reasonably good health, particularly if the principles of conservative management of renal failure in young children ) are applied. However, the growth potential of such diseased kidneys is restricted, and relative renal insufficiency may be revealed by the demands of increasing body size without actual deterioration of renal function. Nevertheless, now that renal replacement programmes are becoming available for older children, it behoves pwdiatricians to treat these children in an optimistic manner and carry them through to late childhood in the best possible health.
Organization of Renal Failure Servicesfor Children
The optimal organization of renal failure services for children is currently under discussion (Meadow et al. 1970) . A central question is whether such services should be developed in adult renal units or within children's hospitals. As both arrangements have been demonstrated to work efficiently for the older child, it seems unwise to be dogmatic on this point. It must be recognized that infants with renal failure present special problems ; its causes differ from those in older children and combine with specific features of renal function (Edelmann & Spitzer 1969) and metabolism (McCance 1959) to produce clinical patterns with which most adult nephrologists are unfamiliar. At the same time they occur too infrequently for the general pediatrician to acquire expertise in their management. Care of this group demands an integrated team of pediatric nephrologist, urologist, radiologist, pathologist, nursing staff and dietician all experienced in and equipped for the management of sick infants. Any compromise from this arrangement will result in less than optimal results. Dr C Chantler (Department ofPwdiatrics, Guy's Hospital, London SE])
Conservative Management of Renal nsufficiency in Infants and Children
The child with an inadequate glomerular filtration rate may, in the absence of progressive renal destruction, survive for many years. The length and quality of this survival will depend partly on correct management. The length of survival assumes special importance when the future possibilities of renal transplantation are considered.
The problems which may be encountered are related to the items listed in Table 1 . Growth depends to some extent on the successful control of the various biochemical abnormalities which occur in renal failure. In the infant the management of ureemia, and water and electrolyte imbalance, requires a special knowledge of infant feeding and metabolic requirements.
The blood urea concentration is related to dietary protein as well as renal function (Addis et al. 1947) . Uraemia may be controlled by reducing the protein intake towards the minimfum daily requirement (Berlyne & Hocken 1968) , estimated in the neonatal period at 1X6 g/kg body weight using breast milk and 2 g/kg using cow's milk (Swaminathan 1963 (WHO 1965) . Table 2 compares the average intakes of infants on cow's milk formule or breast milk with that of adults. The infant on cow's milk has a protein intake which is way above the growth requirement. The simple expedient of changing a ureemic infant to breast milk (or substituting a half-strength cow's milk, or SMA) is often sufficient to control the uremia. For the older child the protein intake may be reduced as necessary down to about 1 g/kg body weight of high quality (animal) protein (Berlyne & Hocken 1968 ). Low protein bread or pasta, and synthetic calorie supplements such as Hycal (Beechams Ltd) or Caloreen (Scientific Hospitals Supplies Ltd) can be prescribed within the National Health Service. For the older child the reduction of a high blood urea is probably only indicated when the ureemia is causing symptoms. A high blood urea necessitates a high fluid intake for urea excretion. The infant cannot communicate his needs and therefore sufficient water has to be provided in the feeds. Water metabolism must therefore be considered in relation to milk feeding ( Table 2) . The infant has a greater insensible loss (when related to body weight) than the adult. The osmolar load of cow's milk is greater than that of human (ml/kg/day) milk and the amount of fluid required to excrete urine isotonic to plasma is proportionally greater. If the infant is unable to concentrate the urine properly, hypernatreemia may occur with cow's milk feeding. By changing to human milk (or substitute) the water requirement will be reduced. The older child with renal failure will spontaneously drink more to make up for the increased renal loss of water. However, an episode of vomiting may lead to rapid dehydration. Hyperkalkmia is rarely a problem in children with chronic renal failure, except when acute deterioration occurs, and can usually be controlled by dietary measures. A small proportion of infants and children with renal failure, especially when secondary to pyelonephritis or renal dysplasia, may lose excess sodium in the urine (Aperia et al. 1968 ). This results in a fall in the glomerular filtration rate and a rise in the blood urea; judicious increase in the sodium content of the diet may lead to improvement in glomerular filtration. It is often necessary to undertake stabilization in hospital by using diets of different sodium content and measuring 24-hour urine sodium excretion until sodium balance is achieved. Excess sodium may lead rapidly to hypertension and cedema though this is less common in infants than in other age groups .
Hypertension complicating renal failure may be controlled by reducing the sodium intake but hypotensive drugs are often required in addition. It is advisable to start with relatively small doses as some patients prove extremely sensitive to these drugs. The control of hypertension is important to avoid further deterioration in renal function.
Persistent metabolic acidosis requires treatment as it predisposes to bone disease and limits growth (West & Smith 1956) . Sodium bicarbonate in a dose of 1-3 mEq/kg/day is generally adequate though the increased sodium load may be a problem when there is coexistent hypertension.
Bone disease may be of two forms: renal rickets or osteitis fibrosa secondary to hyperparathyroidism. Infants under the age of one year rarely show evidence ofrenal osteodystrophy;
after this age rickets is more common but osteitis fibrosa is rare until late childhood . Signs of bone disease are best detected by taking frequent X-rays, especially of the wrist and knee. Rickets when present requires treatment with vitamin D2 (calciferol) or vitamin D3 (dihydrotachysterol); a dose of 10,000-20,000 units daily increased at fortnightly or monthly intervals as necessary to a maximum of 60,000 units is usually satisfactory. The plasma calcium and phosphate must be monitored Transfusion is not usually required in treating the anemia of chronic renal failure unless demanded by symptoms; it may lead to immunization against transplantation antigens and possibly to serum hepatitis. The control of urnmia often leads to worthwhile increase in hemoglobin levels (Shaw 1968 ).
Infection may lead to vomiting and dehydration and to increased protein breakdown with worsening of the urtmia. Infection of the urinary tract will lead to further renal destruction. Antibiotics and other drugs must be chosen carefully in patients with renal failure because so many are excreted by the kidneys. Tetracycline, in particular, is totally contraindicated for there is evidence that it will lead to furtherrenal damage. Other drugs excreted by the kidneys such as kanamycin, gentamicin, phenobarbitone, digoxin, &c., can be used but the dosage must be determined in relation to the glomerular filtration rate, and where possible frequent monitoring of plasma levels is desirable. The penicillin group, cephalothin, chloramphenicol, erythromy-cin, phenytoin, medium-acting barbiturates and chloral hydrate can be given in the usual dosage as they have non-renal routes of excretion (Hollenberg & Epstein 1969) .
Children with acidosis, infection, bone disease and anwmia do not grow normally (West & Smith 1956 ) but even if these abnormalities are corrected some children with renal failure still do not grow. Calorie intake is often inadequate in children with renal failure and Holliday (1970) has obtained resumption of growth by supplementing the diet with synthetic high calorie products (see Fig 1) .
Finally, the pwediatrician also has a responsibility for the social and psychological problems which may affect the health and education of this group of chronically handicapped children.
